Fingerprint segmentation is a preprocessing stage in the fingerprint recognition system. It is used to prevent the extraction of false features in the background or the low quality parts in the foreground (fingerprint area). Besides, it reduces the execution time of the recognition by considering only the region of interest. It is often preferred using simplified segmentation techniques to build the recognition systems. The most popular one is the variance based thresholding. This method has been developed in this paper through making it more robust while maintain the simplicity of design. It is proven to act more reliable in case of bad images.
Introduction
The fingerprint segmentation is the extraction of the fingerprint oriented lines from the background. The segmented part is called the foreground (1) . Fingerprint is produced by scanning the fingertip by an electronic sensor. The sensor types are capacitive, thermal and optical (2) . There can be areas inside the scanned fingerprint that do not contain oriented lines such as in the case of bruises that came from a skin disease or a burn in the skin or creases (small cuts). Also, the wet fingerprint can produce areas with connected ridges which will not show any lines as shown in Figure 1 .b. These two kinds of area are unwanted for the feature extraction stage, thus, the segmentation method should segment these regions. A stage of fingerprint enhancement is present in some fingerprint recognition systems, which tries to predicates the shape of the ridges in these unwanted areas (3) . In the case of dry fingerprints, the ridge lines can be disconnected, as shown in Figure 1 .c, it is assumed that an enhancement method used to connect these lines. The benefit of the segmentation stage is reduction in processing time of the fingerprint recognition processes for scanning the fingerprint area only (4) , and the prevention of extracting false features from the background (2) or the unwanted regions as mentioned before. The segmentation should exclude the end points of the ridge lines at the boundary of the fingerprint to avoid the extraction of the false features. There are several techniques that use the analysis of different features of the fingerprint in the segmentation process, such as the orientation coherence (1, 5) , which is similar to the orientation consistency. Also, there are the local intensity variance (6) , the combination between the variance and the local intensity mean (7) , the combination between the coherence, local intensity mean and local intensity variance using a linear supervised classifier (8, 9) or k-means clustering (10) , and the local intensity variance along and orthogonal to the ridge orientation (11) (12) (13) . Besides, there are the analysis of the local ridge orientation histogram (14) , the average magnitude of the local intensity gradient (15) , and the response of oriented Gabor filters (16) , which are based on the local ridge orientation and frequency. Since, a small fingerprint fragment resembles a two-dimensional sinusoid function, the analysis of its Fourier spectrum can also be used in segmentation (17, 18) . Recently, a combination of thresholding the local mean of the intensity and the local variance of the ridge gradient magnitudes applied in fingerprint segmentation (19) , followed by thresholding the gradient coherence to detect the noisy areas. Another method that depends on the image intensity directly, rather than the statistical features extracted from the image is presented in (20) . The method begins with applying a range filter which is a non-linear filtering method that replaces the original grey level of a pixel by the range value of the grey levels of the pixels in a specified neighborhood, followed by binarization method by using a Fuzzy C-means (FCM) clustering approach and 4 stage morphological post processing.
The fingerprint recognition systems mainly depends on simple segmentation technique; (21) shows the improvement of using a convex Hull filter of the minutiae and the segmentation for the fingerprint in improving the state-ofthe-art mintuaie extractor, MINDTCT (22) which is provided with NBIS software package, by 25% EER (Equal Error Rate) (2) for the FVC databases. Atul (23) perform fingerprint identification using three stage system: preprocess for enhancement, then thinning, then minutiae extraction using Crossing number concept. They use normalization followed by segmentation using variance thresholding. Runlin (24) build embedded web authentication system using fingerprint recognition. it uses normalization followed by variance thresholding.
Our aim is to develop the simple variance threshold technique to be more robust and easily implemented on programmable systems such as FPGA.
Simplified Segmentation and
Morphological Operations
Simplified Segmentation Techniques
The most common segmentation technique, used in the fingerprint recognition systems, is the intensity variance thresholding based technique (25) (26) (27) . It is characterized by its simplicity of design and effectiveness in fingerprint segmentation.
The procedure, given in (6) , starts with dividing the fingerprint image into non overlapping blocks (or windows). For each block, the local mean and variance of the intensity values are calculated. Then, the segmentation mask is formed of the blocks with local variance, greater than or equals a variance threshold. Finally, a smoothing technique is applied on the segmentation mask Sm to wipe off the isolated image blocks by the following equation:
whereSm s is the smoothed segmentation mask and n is the size of the smoothing window. Chen (7) uses the intensity mean information and segments the blocks according to a global mean limiter according to the following equation: (2) where, m gL and m gH are the global lower and upper mean thresholds, respectively. Besides, it applies morphological operations including dilation and erosion to remove some isolated points in the background and to fill large holes inside the foreground.
The segmentation procedure given in (22) combines the concepts presented in (3, 8, 28) . The fingerprint image is globally normalized (3) , they say that this will allow setting a global threshold for all the images. The local variance is calculated after dividing the image into blocks with size (8x8 pixels). Then, global variance thresholding is applied to segment the fingerprint, which is a part from (8) and work. Refinement using three iteration of hole filling and erosion is applied.
Morphological Operations
The morphological operations are used to improve the performance of the segmentation. They can remove isolated points and fill holes in the segmentation mask (7, 29) . Morphology is a set of image processing operations that process images based on shapes. In a morphological operation, the value of each pixel in the output image is based on a comparison of the corresponding pixel in the input image with its neighbors. Two operations are used: dilation is an operation that adds pixels to the boundaries of the objects in the image, and erosion is an operation that removes pixels on the object boundaries. The number of pixels added or removed from the objects depends on the size and shape of an element called the structuring element used to process the image. A structuring element is a matrix consisting of only zero and one values. It can have any arbitrary shape and size, where the pixels with values of one define the neighborhood. Structuring elements are much smaller than the image being processed. The center pixel of the structuring element, called the origin, identifies the pixel of interest (the pixel being processed). In Dilation, the value of the output pixel is the maximum value of all the pixels in the input pixel's neighborhood. In erosion, the value of the output pixel is the minimum value of all the pixels in the input pixel's neighborhood. An example of a segmented mask passing through the morphological opesrations is shown in Figure 2 . 
Proposed Developed Segmentation

Analysis
There are two problems that occurred for the variance thresholding techniques that are solved in the proposed work. First, the use of one global value or thresholding leads to the reduction of the segmentation performance in the dry fingerprints, where the ridges are of low contrast as shown in Figure 3 . Figure 3 : Effect of the use of one global value for thresholding: (a) fingerprint image, and (b) its segmented shape, (c) a dry condition, and (d) its segmented shape Second, while adjusting the variance threshold v th on the images in FVC2002 DB1 database, and testing it on DB2 database, it was found that there is a need of re-adjusting the variance thresholding as shown in Figure 4 . The difference between the two databases is the sensor type The proposed solution is to define the local intensity variance with respect to the global variance using min-max normalization by a value N min-max , which is given by:
where var max and var min are the maximum and minimum local variance values in an image, respectively. Thus, when the normal and dry impression, of Figure 3 , is segmented using the normalized variance, the segmented images for the same vth are shown in Figure 5 . But, there is still a problem at the fingerprint border. It is undesirable to have endpoints at the border because it will lead to the false detection of minutiae (end point type). Besides, reference (9) subtracted the local mean by the global mean m g , to solve the problem of dry and wet conditions of the fingerprint. It is found that this subtraction can be used to reduce the segmentation areas at the fingerprint boundary, by putting a condition on the local mean intensity. The histograms of the intensity mean are analyzed to consider the importance of using the mean threshold. An example of the histogram of the local mean of the foreground and background of a sample of fingerprint images is shown in Figure 6 . The background intensity values are usually high, thus, a condition can be put on the local mean m gH , but no need for the lower mean threshold m gL . The mean thresholding, denoted by m th can be used to discriminate between the foreground and the background as shown in Figure 6 . The intensity values are already scaled using the gray scale (0-255). The mean intensity histogram of the background of NIST4 database has two peaks; the peak at intensity value 255 represents the white space located at the bottom of the images as shown in Figure 7 , and the second peak presents the background of the card of the inked fingerprint.
Finally, the structuring element size of the morphological operations; the dilation and erosion, are taken different. The dilation should close small holes in the segmentation mask by extending the mask boundary. Then, the erosion process should return the mask to its original boundary. But taking into consideration that, it is required to exclude the ridge end points from the fingerprint boundary, thus, the erosion element size str1 is more than the dilation element size str2, such that:
Procedure
Consequently, the proposed segmentation procedure is given by: 
7. Morphological operations are used. A structuring element of square shape. Dilation process with structuring element length str1, and followed by erosion with structuring element length str2, are applied. Thus, obtaining the final segmented mask Sm 
Experimental Results
First, the block size w is chosen to be an odd number to have a center pixel for the block. This size should be greater than the ridge width to obtain a variance value at the ridge/valley edge. Thus, the block size w depends on the ridge width of the fingerprint, or more practically, the ridge to ridge period. Reference [27] uses a block size w=8 for the FVC database. In our work, it is chosen w=9, and according to equation (4) , the structuring element size of the dilation process str1 is taken as 3x3 blocks and that of the erosion process is taken 5x5 blocks.
Manual Segmentation
A manual segmentation of selected images from set (B) is done in FVC2002 DB1 and DB2 databases (30) in order to use it in the parameter tuning of the unknown parameters: the mean threshold m th and the variance threshold v th . References [10] and [31] use ten randomly selected fingerprints from each database. Bazen (8) selected the first impression of thirty fingerprints. From our point of view, all impressions of the fingerprint should be considered in the training set, since these impressions are taken in different conditions. Thus, forty fingerprints (five fingers with their eight impressions) in FVC2002 DB1A and sixteen fingerprints from FVC2002 DB2B (30) , and the first ten (five fingers with their two impressions) in the inked NIST4 database (32) are segmented manually. This is done by drawing a line that segments the fingerprint area from the background and very low contrast areas. The background is colored with a distinctive color, for example, "red". Then, the manual segmented fingerprint is divided into blocks of size w; each block is labeled a background if at least one pixel in the block contains the distinctive color, otherwise, the block is labeled as foreground. Examples of the manual segmented fingerprints are shown in Figure 8 . 
Intensity Mean
The mean intensity histograms of the fingerprint images, after the subtraction, are shown in Figure 9 . The biased mean threshold is calculated by assuming the fingerprint segmentation will depend on the intensity mean only, such that by considering equation (6) The results are shown in the curves given in Figure 10 . The optimum mean threshold that is equivalent to the minimum segmentation error for each database is given in Table 1 , with the chosen mean threshold (mth=30) and the equivalent segmentation error. As, for the inked database, the mean threshold is not effective as shown in Figure 10 . It is chosen mth=100 
Intensity Variance
The histogram of the intensity variance of the fingerprints is analyzed. An example of the histogram of the local variance of the foreground and background of a sample of fingerprint images is shown in Figure 11 . The variance of the background is very low, while the variance of the fingerprint area is high. The normalized variance values are shown in Figure 12 , which does not affect the histogram shape of the foreground and the background. The segmentation is performed using equations (8) to (9) . The segmentation error E s , defined by equation (11) is calculated for different values of the variance threshold. The results are shown in the curves given in Figure 13 . The optimum variance threshold that is equivalent to the minimum segmentation error for each database is given in Table 2 , with the chosen variance threshold (vth=0.02) and the equivalent segmentation error. The effectiveness of the mean thresholding for the inked fingerprints is shown in Figure 14 , where the segmentation error for a specific variance threshold will be more in case of not applying the mean threshold. Thus, the mean thresholding is used in case of the inked images. 
Results
A different database is used to evaluate the segmentation technique: the manual masks, given in the FOE (Fingerprint Orientation Extraction) benchmark (33) , are used to test the accuracy of the modified segmentation method. The parameter values are w=9, str1=3,str2=5, mth=30, and vth=0.02. The average computation time and the average error of the segmentation techniques of references [6] , [7] and [21] are compared with the proposed method as shown in Table 3 . Technique of [21] processing time is the least, while the accuracy of the proposed method is close to that of [6] and [21] for good quality images, while it outperforms in case of the bad quality images. Also, Figure  15 shows examples of fingerprints from the three databases segmented by the three compared segmentation methods. The second method of [7] performs the worst. Figure 15 : Segmentation of fingerprints (a) original fingerprint image, segmentation using (b) Fen (6) , (c) Zhou (7) , and (d) the proposed method
Conclusion
A new segmentation technique based on intensity mean and variance thresholding and morphological operation with different structuring element size is presented and proved to be more robust, and faster than the variance thresholding based techniques. 
